The present study highlights a methodology to approach complex decision-making regarding manufacturing systems upgrading in the furniture industry, with application for an innovative company that has developed a smart product concept. The relationship between intelligent products and intelligent production is addressed from the point of view of existing approaches and then new directions are explored by means of successive correlations with the help of the Cause and Effect matrix, starting from expert opinions. The correlations identified between the expected decision influence factors and the designed product sub-systems and projected processes, respectively, ensures that the planning of the transition to smart manufacturing can be made in a justified and well-thought manner. Also, adequate technologies are recommended for the most important processes based on a success forecasting analysis.
INTRODUCTION
It is by now a virtual certainty that the "smart" paradigm is the main technological and economic feature of the period in history that we are living through right now. The appearance of the smartphone in its culturally and market accepted form about 10 years ago has brought the notion of intelligent systems from the mind and drawing boards of researchers and development engineers into the mainstream preoccupation of all facets of life, personal, professional, for work or for leisure. Of course, the field of production engineering has also been significantly impacted by this paradigm shift and research and solutions for smart processes, smart manufacturing equipment and adaptive control of production systems are appearing at a staggering rate. The very well-known Industry 4.0 approach from Germany, as well as other similar initiatives in the USA (National Network for Manufacturing Innovation), Japan (Connected! Manufacturing -Industrial Valuechain Initiative) or China (Made in China 2025), are pushing this even further with the aim to completely change the way products are created and made, consumed, and discarded. The present paper sets out to explore the connection that exist between smart products and smart manufacturing processes, by analyzing the relationship both from a conceptual and a case study point of view. The focus of our undertaking is on the furniture industry, which has undergone significant developments and changes in the region of Transylvania in the past 5 years, generating a successful manufacturing cluster based around the quadruple-helix approach, that involves companies, research providers, local authorities, and the society at large. Within this framework, a few successful start-up companies have developed that have put forward innovative products that fall within the realm of smart solutions and for which the main challenge is to determine if and how smart processes should be established. Starting from a bottom-up approach, the paper is exploring the rationale of making this decision and the factors that influence it, proposing an assessment framework for the readiness of small business to become part of the new industrial paradigms that could allow them to compete in the future.
LITERATURE STUDY
In order to properly understand the connections and implications of the relationship between smart products and smart manufacturing, a literature survey was performed on both directions, as well as on the topics related to operationalizing the former through the later. Smart products are generally approached by the scientific literature as the next step in the development of goods with high customization, interactivity, and flexibility capabilities. The end goal identified by the various authors seems to be to develop products that are able to respond in an adequate manner to a variety of inputs coming from their operational and functional environment, either to perform tasks currently or to anticipate future states. Table 1 below presents a few examples of the main characteristics of smart products that can be identified in the specialty literature: Any approach to smart product design and development should definitely include sensorics, data processing and decision-making software on top of the expected mechanical, environmental and electronic innovations. Similarly, smart manufacturing is intensely researched and implemented world-wide to permit the optimization of global supply chains. The focus here is on the key performance indicators that ensure competitiveness in this industry, namely accuracy, precision and quality, reliability and efficient use of resources, and capacity, capability, and productivity. Some of the literature dedicated to this subject is mentioned in Table 2 . The smart production environment is constructed hierarchically, starting from smart shop-floor equipment, to a common IT operating platform, to specific smart applications and then to an advanced big data based knowledge solution.
Smart and optimal manufacturing is understood as the simultaneous achievement of a maximized output value chain and an agile extended supply chain under conditions of sustainability, energy efficiency and production use safety.
There is a considerable amount of literature that proposes modalities to evaluate the readiness of companies or even national economies in adopting smart manufacturing methods and approaches. Without searching specifically for a connection between the consumer related trend of smart products and the industry-related interest of smart manufacturing, the authors of this paper would like to remark a few papers that contribute to the reciprocal understanding of these concepts within the general framework of the digitalization of economy. These elements are presented in Table 3 .
In conclusion, the literature survey showed us there is a significant demand for knowledge and best practices related to achieving functional smart manufacturing scenarios. Most existing approaches rely upon valuing the experience of the host organization while at the same time infusing technologies and organizational change. At the same time, most smart product development frameworks are also technology oriented and focused on customer experience. Planning and decision-making issues are considered solved and not much time and attention is dedicated to them. None of the studied articles established if there is a connection between these two related trends that could lead to synergy in their results: successful consumer products manufactured under conditions of operational excellence and complete digitalization and integration of the virtual and physical worlds, thus maximizing profits and competitiveness. Embedding smart technologies within the product during realization can help optimize its lifecycle and facilitate end-of-life approaches.
A SMART HOSPITAL BED
The current article is focused on a start-up endeavor in the field of smart furniture, achieved within a collaboration that took place as part of the Transylvanian Furniture Cluster in Cluj-Napoca between the Technical University of ClujNapoca and a proactive furniture start-up company. After the initial stages of collaboration and the implementation of a successful R&D&I project, the challenges and opportunities on the market have led to the initiation of a smart furniture common project with the aim of producing a new, advanced, and interactive hospital bed. Nicknamed HOPE (from HOspital enhanced Patient Experience), the product was developed using new product development algorithms that followed a cascading QFD (Quality Function Deployment) approach supplemented by TRIZ and brainstorming based innovation. The development process and the end result are documented in previous publications [10] [11] [12] . In brief, the bed, which can be seen in Figure 1 , above, sports novelties in terms of mechanical structure, building materials and patient recovery improvement. It can fold and roll using a single mechanism and actuator, it will be made from a metallic skeleton and composite panels infused with silver ions to help prevent nosocomial infections. The bed contains two new systems based on smart technologies, a self-care system that tracks and, to a certain degree, acts upon medical data, and a personal environment to speed up recovery.
The product has gone through the development, design and detailing stages and is now undergoing preliminary production set-up and planning at the furniture company. The challenges brought about by this task lead the company and the authors to collaborate on investigating the possibility to transform the existing manufacturing process into a smart manufacturing environment focused at first on producing this hospital bed and with extension foreseen for most types of furniture that it produces. The main issues to tackle were identified early on to be the very large degree of variability and flexibility in product customization which is expected in the B2B furniture industry and the heterogeneity of the studied product.
ENABLERS AND OBSTACLES FOR IMPLEMENTING SMART MANUFACTURING
to determine and analyze the factors that influence the adoption of smart manufacturing, beside cost issues. The sessions were attended by 12 production specialists from the university, R&D departments, and the furniture industry, with good knowledge of the company. The first task of the group was to brainstorm the technological and organizational issues that influence the decision-making process of a firm expanding from smart products to intelligent manufacturing (see Table 4 for details). The instrument chosen for analysis was the Cause and effect matrix and the implementation was performed with the help of the SigmaFlow Modeler software. The results obtained in this way can be seen in Figure 2 , above. The factors determined and presented above have been considered as Outputs of the C&E matrix (as elements that determine the future course of action), while the main subassemblies of the smart bed have been considered as inputs (as elements that have already undergone detailed development and validation by peer review from experts and feedback from potential customers). Starting from the importance rating of the factors, which were allocated as percentages, the matrix was filled in during the second meeting with correlation values agreed upon by all those present, between the defined inputs and outputs. The outputs were all assessed to have 10% importance, except for two, that were given 15%, namely the human-machine interface requirements and the expected digitalization degree, that have been singled out as bottlenecks: if they cannot be achieved the smart factory will not run and they are expected to necessitate the most effort in times of resources and personnel impact. For the bed elements that were ranked this way, the innovative mechanical structure with reduced actuation requirements and the self-care environment based on sensorics, data processing, decision support software and human-software collaboration, were considered vital for the analysis. The central innovation of the HOPE bed, the self-care system has a resulting importance rating of over 20%, and it is closely followed by the other sub-systems that capitalized upon smart technologies: the management software (14,32%), the other innovative system -the personal environment (13,60%) and the actuation and control devices (13,37%) . From the more classical side of the product, only the innovative mechanical structure gets close to the smart components, with an importance of just above 12%.
In the third meeting, the results from the previous one, namely the importance ratings of the bed sub-assemblies were used as outputs of the same type of analysis, the Cause and Effect matrix, to determine the importance of the projected new processes, that were considered as main inputs. The matrix is shown in Figure 3 . Figure 3 . Correlation of ranked smart bed sub-assemblies to forecasted processes.
As a result, three main categories of processes emerge: sub-system assembly and quality control with over 14% importance, final assembly, software development and interfacing and testing with 11% to 12% percent importance and all the rest, with below 10% importance in the final establishment of a smart manufacturing approach. The members of the first two categories have been further analyzed during a fourth meeting from the point of view of determinants for their success, which can lead to the success of the entire undertaking. The method used to achieve this task for the 5 main processes that fall under this description is called SMEA -Success Modes and Effects Analysis and it is a reversal of the well-known risk prevention method, FMEA (see Figure 4) . Each process is projected into a future successful state and the result and its impact are described and ranked on a scale from 1 to 10. The identified causes for this success (i.e. the actions that the firm must perform in order to bring about this positive result) are evaluated also on their own scale and so is the current situation of the same process, to assess the difficulties coming the gap that must be crossed in the implementation of the smart manufacturing paradigm.
The Success priority score, which is calculated as a product of the three ratings indicates the needed actions to be taken during implementation. This was further completed with the technical recommendations of the analysis team in terms of Industry 4.0 / smart manufacturing technologies most suitable in the studied case, starting from the BCG approach presented in [13] . In the current interpretation, a score under 125 represents a risk of implementation failure. In our study, Software development is in such a situation and beside the technical and managerial solutions (cloud based computing and agile software development), the desired course of action would be outsourcing to a specialized company. For the scores above 500, final product assembly and quality control, which are at a high sophistication level already, the translation towards smart manufacturing will be considerably easier and will include the seamless adoption of mature technologies (AR/VR, CPS, NFC). For the remaining two processes, sub-system assembly and interfacing and testing, detailed implementation projects for autonomous robotic systems and big data capable IT systems should be put in place and properly managed. 
CONCLUSIONS
Starting with the goal to analyze the suitability of a smart product manufacturing company to set up a smart manufacturing environment, this article presents an applied way of thinking that is based on structured analysis methods. The subject is very complex and the work described here requires expansion, but in the end the readers could already see that 2 out of 5 critical process have high success chances with available technology, another 2 will require adaptation for the specifics of furniture production, while 1, which is out of the scope of the company, should be subcontracted to a reliable supplier. Many exiting results, dealing with the hybrid solutions that combine IT&C instruments and real-world processes and equipment [14] [15] [16] [17] could be used as building blocks for turning the outputs of the presented analysis into a workable smart manufacturing system. The approach and results presented in this paper are limited to a given situation and the analysis and experts opinion depend on their own experience and the company's situation. The intention of the authors is to expand the study into more areas and determine the viability of the algorithm used in terms of customization to the settings and validation through implementation, which will also have to include the cost related analyses. 
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